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(57) Abstract: 








PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor element the external quantum efficiency of 
which is excellent by reducing the absorption of light 
at an electrode formed in a p-type nitride semiconductor 
layer. 








SOLUTION: In the nitride semiconductor element having 
the p-type nitride semiconductor layer, by forming an 
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electrode containing at least rhodium and iridium, an 
excellent ohmic contact between the electrode and the 
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p-type semiconductor layer is obtained and at the same 
time, the nitride semiconductor element the external 
quantum efficiency of which is excellent is obtained 
because the electrode has a high reflection coefficient 
therefore the absorption of light at the electrode is 
reduced. 
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RUE * 3 . 5 nmtt±tti:tT-|Bi^|6l±$t4:H ! tl«, ^ft(i#p«<7)PI¥ 

ns&ftft^xirrttti^a&^KJ: ijsfefcRttfcj^srSftato-e**), & k > * * # p 

*jfti;:*J^-C&***ri-4o it, f-l?#piJlfliII«: 5 nmttittiit-C 20 
±IEi:|B|aiJcm**fiJ±?-ti-4«l** t »<bft*o ttz. # p * O » (i 4# U ffi 5g S ft v» 
, 4W±0*&^U<i#p)SOlKI9Srl 0 nmJ-lTt LtfiftlOlf «:|{?Px.i:n ! 

Ol#tjg<i>t)t'*4. 4 > R M 14 , #P^<ot#^t|S]«U, fiF4L<(± P S^*E 
ftXIi nI>Fa6i { K-y?iiTW^^XIiT> K-^t?*4it, i ^> # 4 t< (4 n M 
^ ijsfc ft K - 7* $ ft T v> £ fr'X 14 T > K - ^t-* 4 : i , x (4\ HiitC nl 

$L ft £■ F-ytMH, -t O ft JK 14 4? & < t i> 5 X 1 0 1 6 /cm 3 Jil _h rt s £• £ T* * & 
o 191 x (4\ LED-Cli, 5X10 1 6 / cm 3 IU2X1 0 1 ! / c m 3 ftT)) ! !lf Ui' 
o 4 , ifiSttl^WLED^LDfli, 5X10 1 7 / cm 3 Hll Xl-O 2 0 / c m 3 W 
T , i I) U < li 1 X 1 O 1 8 /cm 3 W _h 5 X 1 0 1 9 / c m 3 W T & & o C <n ® 30 

# s $? 4 L v> 0 4 x Hii:nS^«*i K-7ti»^, i&ttWrtO-r^TO&B^t:: 

III i: K-ytS t fl 1 4 Lv> 0 
[ 0 0 3 1 ] 

At EftttH ±-t= pliftlllftl 8 £ ff* j£ 1" * » pfflfi ft 8 t LT 

14 A 1 k Gaj _ k N ( 0 £ k < 1 ) # ffl lb ft * <, § I: L D*? Uffl v> li, ffi 

14 € O /<> K ¥ * ? ~f i 7- * *~ - £ <9*§ <fc*&i£T*»K Sttl^W^t'JTWMi: 

UtOT*cT, Al k Ga : _ k N (0<k<0. 4) tJ ? # 4 L v> „ Z <D m 40 
li # K R 5e £ ft v» ri* % # 4 L < 14 0 . 0 1- 0. 3 M m , 4<9$?4L<(4 0. 0 4- 
0. 2 ,/ m T? & * 0 4 p SS * & ft ft St 14 , 1X1 0 1 8 -1X1 0 2 1 / cm 3 , » 4 
L < 14 1 x 1 0 1 9 - 5X1 0 2 0 cm 3 "C * Z « p ISTItftl* #±E«t 1 i: * 4 t 

14 „ |-lti#lll ( fi » « it ) T* & v> 0 #«HO*^, _h f£ <?> A 1 k Gaj 
_ k Nt, f Ji J: t) a- > F +' t 7 )K - «^ ? vlitft flftl H'^ 4 4 ^1 1 

it *in^v>„ ei x. (4 p m * * ft € * @ t& m m t -t & m e u (4 , a i k g a i _ k n 

(0<k<0. 4) tin, G ai _,N ( 0 £ 1 < 0 . 2) t <D M T ffi ik t -f 2> Z t 

reittiMtiiii'Tii, mte^m&zfcfcir *> &m ommi* > - « o jh bp ** # 

U<iil 0OABT, ii)ffiL<ii7 0AaT, ? ^ i:» i L < li 1 0 ~ 4 0 A t t 50 
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t tz , /< > K t 7 y x ^ «/ - O ^ I i'i 5 ^'h $ ^ 1 O ^ 4" < t i> 
i» -fix - -ft u p a ^ ft 4- K - 7 $ •£ X i> & i » o * , /O K^t?yi*)i'^-«)* 

# 1 5 l>' 'J>? v> i (7) S ^ U K - -f -t Z> £ l± , K - "/S li R — T- i> & «t o T i> & v» o 
[ 0 0 3 2 ] 

*i:«Epfi#ilftlJ:UpS3>H H9*8«t4. P S 3 > H li , Al 
f G a i _ f N (0Sf<l) ^ffli'ibil, Si:, A 1 f G a i _ f N < 0 £ f < 0 . 3 
) fiSt 4 : t i: J: H - ^ 7 t-* 4 p II Uiiti t - ; ^ > ? ? h* ? oT 

ffitii, pl^ltftlSlilxi 0 1 7 / cm 3 IUi>'SiU>. * tz , P a ^ > * * 

n i± , m w. a. m m m t- p a * & ft a s < , *»"o % a i wssjt^/h? < ^^as^ 

Sftt4:H ! »iU>o z<ot»£. IS^iEii, a««u:4« *S1t?*t 
w» l± , ^Fdi«ugHfW»=a«:*r3EfkS-*t:<)Av»o ;i (±* , p a ^ > * * h Jf £ , * - $ 
* « « t & L , p!!^lt»IS4 , *< A 14SJt»fiK#l«pS3>M Hi, p 

i) ge.R&JR£E#iti- * C t *« »r tfe i: * * „ 
[ 0 0 3 3 ] 

3 Ji ic ift £ L T v> 4 * * tJ« J* ») Bfc * it , p SO{£i£14*r tk i" p i<Oiltftf«ff« £ 1&$L 
[ 0 0 3 4 ] 

f Of!, (fEpfia^M h«c^Sffitc^--5y^gftfe^ s |#f>n^pHl 0 & tf£ j£ 1" 
[ 0 0 3 5 ] 

P m«i± je ^ i> , etii^s. f«t«pstii, P a ^ * ft e <o 

£ m \z m f£ L tz i> <r> (04) , K-/ HRi:$il4tt4 to, li> TffESiSiB, * v v 
^ ff* 1* (1 6 A) , XH^fK, <L®, loj&»ib1«»:K5fr«Lfctt# (16B) , 

* $C ttK * a* o 1* » O =fc * « «: * h7^rff^«i:*LTi3f9, fiofplSi: li^i^ 

Xl±nMo±c:(i««IJI3 lillUUv'o 
[ 0 0 3 6 ] 

a » O M □ « l± , (J J3T Wi:KttT*4ii:* t SF*L<, d ft U «fc <5 , M □ ffi 
[ 0 0 3 7 ] 

Jfciffinln^M H»ili:iinlil 2*iSt4« n«Si:iiW/A 1, T 
i/Al, Ti/Al/Ni/Au,W/Al/W/Pt/Au, A 1/P t/Au4^ 

5- m ^ h o n Ig^ISli 0 . 1-1. 5 ft m t 1" & „ nlf COl'Ttt, ** > -f -f > ^ 

t LTR^CiSLtt iv> 8 i tz s t-? 'J^tti n^f UStfflt It t Av>„ 
[ 0 0 3 8 ] 

ItllEplIl Oli, pltittf iftiff)»ltlplii: t - ^ 7 ^tMLTt^rt 
Si:tt*aAt4t6<0t-< 7 ?1IT**4, ii # , S ft ft & ft 3i T* (i , ^co^t 
- 5 ^fflcOpltt IJSIJC, Wilf, 7 ^ -V - ** > f -f > 7 VL i *) & 9l-t & # > 7- 4 > 

m<7) p y hit 1 1 ^«LT, * tf) p /< y K«ttt-5 ^Itt'iJplli 
IgWlcISt^o :wp^7 Ulli, pffl9J!<0-tl-f£it&ff£'C*>&<, ^ ? *E«L 
TpIi^Wli, «x.«fn«l*«^JS®tc*«BS«r^LTIS«t*-i:tT§* 6 p /< y h 
Hi p«lo±i:f Stil^i: li, p^*-y US 4 p ISW-SS^li 4 J: •) CIS 
UUv>L, p m £ <0 ± U p v HSt»*LTUv. p /* ? Ulli^'f+f t 
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*^t4tJ!)<ogifA4<?)f, % m b# iz # m ft * =5- * % *> v» s a <o r w *« * ft <* * <* 

* it 'h $ < fls fi£ + -S C: £ rt* 5 t- * Z> o 
[ 0 0 3 9 ] 

P -y nil l <o *t fl- it , * * 14 * f A v> <> o i M + 4 o Ltii, 0!) 

(±* C o , F e , R h , R u , Ti, V, C r , Z r , N b , Mo, H £ , T a , W , R 

e , M n , A 1 , Z n , P t , A u , R u , P d , R li Jfflt' J : H f T'M, ffiU 

li , A g , A 1 , P t , C u , N i , T i , A u , W , N b , Mo, H f , R h h h 

w h m if ft z> 'p n < t i> i m r v z ix h <r> n. ft m , 2 fb % * * m ^ & c t t* *> 0 , 11: 

4t i L < li A g , A 1 , P t ii'f.i4fi'f)Sl?ftS^i < U If IfflK*. p ^ y h 
m m li * « > o £ , tvMi^il^ffl^S^t^-C'lio * , - ft ^ «0 *t & l± p /< y h 

[ 0 0 4 0 J 

tt^Ht i^iO^iCSALi 1 :!, ^fel!rff 9 - t # fb £ ft & i: # l~ 

, i£gft;litii.#$:*-5y*&f5i£*#<2>.rtrt J T-§:, ifc*i»ff:Jii:*tti:0«ttlfttt; 
£ i&T £ -£ £ C t X § h o & 3 ?S « i: L "C li , 3 0 0*C~ 1 2 0 0 t«reiA ! »i L 
< , IIC3 OOi;- 9 0 0 tA ! lfU<, fi:»U<li 4 0 0 t;- 6 5 0 t««lf* 

BK£1-*o i ft r§ 14 #* * , «itfTA'rf>t**tJ*l*^*jK*tt-eoiffil4 

"BT Hfc t? £> <?> o 

[ 0 0 4 1 ] 

* st m <» * m * ¥ i* , flfKw^sfltw^fltwsft^^R^wwiBuaaEL-cs i o 2 , 

Z r O 2 , T i O 2 , A 1 2 0 3 , 4 fc l± V , Z r , N b , H f , T a i IJ 44**?»1 
ixtz'Js* < t i> - M<r>7im i & tsm.it%V . S i N, B N , S i C , A 1 N , Al.Ga 
N l§s O IS H BH 1 3 JlfLTU^. ^W«SIJ|)Hi«ft»1t**i-4il-C**wi:**«FiL 
<,«!Ptt<&«^i£i|*fl:5l5 ; ?-a t *»fcft4o ; OjtRtt* tt i ftllli p ilO 

ft $r # 3J ft 3! ^ * * 9 ? 4 T > ^-f y > t'tf T'tO^lftf t i i 4 (192) „ 

z<om.itv>)*&fa^?-<7>¥-ffimiim 3 i:f t i ■? i- p sfijb^*^ft : e< 7 5±< 7 ?i3'5'^®'~ 
pin o#i*siiTK4. ma'fb^ i i i ***?-< 7 >^mBi?rEi4ic^i-„ itriepmffi* 

Rh/I rff SLfcffftf^li, V f * 3 . 4ttTi:t4;H s tl, Ni/Au^ 
R h^cDSStitKLTSfeli^ttib* 1/ 1 OJJlTttiiti'f li. 
[ 0 0 4 2 ] 

?KS82-e«i*!Efll**fl!i | )aiLffii:i-*c:i:<>^*4 (15) o ajb^**ff*?-<7)m^ 

*f * LfcBt|lfev>T«IRl 3 tiSiLtU*), Kill lOli:. 7 ^ -V - T (± 

4<, ftflHtfkSa?**^*®^ 1 ^^' 1 4tiltS**:7xO 

^--7>«iti:1--&o ^M-fXIl 4«*8«S23Clt«?ftTKi l J-K»t22i 
l*fti:l»U^J. i!fr!eMM**f*?£?-£lmm 2 ft t -f t 4 I: li B 

7i:ftiii:pA-7 Fig l lfitiCnltl 2*S»<?)fili:ISt4. i w p /< y 
Kill i t n m m 1 2li^HXfl 4£ff;J&1-&^J£^frtfMCJ£<M£ftTv> 
^>o 4 p y Kill 1 t n 1 tt 1 2i^H^X|l 4«-BJfti-*««l±4tlRjtf 
o I i: p ^' 7 KtiStr/Ilinllli, -eft-rfttfttlpJl-aiBiB^lRjKttttUEOf 
T JB « $ ft T v» 4 ( El 6 C , 0 7) o W±<t , 9 1 mm 2 ft ± ^ Xff « L ^; Si«* 
$H # * u ii v» t t> 7^: 1 % 4- £ ffi I- - I- 3E + - t A* T- # & „ 0 7 (c^i-fifb 

^-^7^^- /'igLfcto^is i:f t. mum * ft** 1 ? ai us 1 1- * c ^r-Tt^ 

tli, Ag, Au, Sn, In, Bi, Cu, Znm<r>#ftfrbf&Z> 0 7 * -< 7, V > X' 
m v» -5 ^ > y KlIi:»7J f Jl0bS#, -t o HSU , ft » # 7v ^ < 4 *) , U, E 7J ** *D 
t> -5. d b X ys* y K S I # fl- t5 ? fl S 7j f6) jjK W L ^ i" < 4" * 0 L L ^ * J <b , ft ^ tfe ff^ M <T> 
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a it to * m ft f§ * * =s- 1 '* > «ria*ft<rfflv»* - t -c # & fb -t 4 fc * i- * * is- i± wj m -r 4 

[0 0 4 3 ] 

[ * tfc » S 3 ] * * Jfe © £ I- -fc it 4 S it to * « ft « ^ li , 5»it±i:«ti> pSI 

mitzm&-ci>z> 0 mmitto^mw-mT-u P «c t nm&a<aM¥#tti£&A<-eifi]^ 

(09) o 

[0 0 4 4 ] 

me a ft ^ # * ft « ii , n^smi^Tfe^oaiLrat^^o a ib ^ * ft muGaN 

^ i£ $ # ) linliWlUiJitfii'tft, nllW+'fXi/hMt^, 3fc <T> 0 {±5 L 3* 10 
f «|6l±li nllf 'h? < I t -CjfcS:I4f iS^ftSTl Si4'f,T-*So 

[ 0 0 4 5 ] 

aftfe/**f*2 0$r^ft$-ti-^o -5-Ofs:> p 1 1 ItIS * iftl ± C t E P IS 1 Oil* 
1" 4 0 P B & * JE ff* «t * « ft > iEUm, ft # , K7 II, ¥ tT Eg 2 s , * v » 

: tt*^Kt)ffiL^f ^iifili^tlic »£L<(4<£5fcSMci4teT-#c, <o 

[ 0 0 4 6 ] 20 

* U , WEptI«HP8T*oT, iWBEaib»**ft:w«m«J=»lW«lifflll0 3 

tista. u litr ie p « & , Ro f *io««ii«>Sj£ifi<o±i::tei*Mi o 2 « st 
Uil 1 0 2 * j* i- a w a**? * Lv^ 0 

[ 0 0 4 7 ] 

iKfUi^ P t> A u , S n , P d , In, Ti, N i , W , M o , A u - S n , S 
n - P d , I n - P d , T i - P t - A u , T i - P t - S n , Ti-Pt-PdXI±T 
i - P t - A u S n , Ti-Pt-AuSn-Au,W-Pt-Sn, RhO-Pt-S 
n , RhO-Pt-Au, RhO-Pt - ( A u , Sn) fTBStJ. *1 8fc « <?5 « B B 30 
Icisv.TIi, plIi^tllLti.'Jo i o i» m S 14 it X * a gc pj fig t* , * S w St 
A ** ± tJ j 4 # p « £ (75 J£ ft (4 ffP ffl + 4 - t § 4 o it> IBItiUi oTift 
* % £ L £ £ ^ «fc < & ** 1" - t ** T # 4 o 

[ 0 0 4 8 ] 

lWiBa^w****^^* 1 )^-^-**^:!***! o i(±, *afc»3R«»c**4~ 1 o (x 

1 0 - 6 / K ) -C-*oT, «fi L< 14 14 Cu, Mo, W*(,l£4I*t)llf 

tih'JrU < t *> 1 oHtUv>4. Hir IE 3: # * =K (- C u i^tt4»ii:ii5 0%»T 
tt5. Mo ttttSft^i: li, ^Wttf li 5 0%tt±t t 5o MfE3:#*«(-W£ 

^*i-*»^-i=ii***ii7 0%JiiL±-c**o5El#*«o*fls«ii, Cu-w, Cu-m 

o, Al S iC, A 1 N , S i, S iC, Cu-^^tfWiStt^ 40 
tfc, -ftStC u, W, _ , (0^x^30) ^ C u s M o j _ , (0^x 

'J > h m « * f W 0 8S ±. IC f- v ~t Sr ft -iir 4 t # * flj T* 4 o t tz S i «r ffl 4 flj jS li $ 
Iff-7yft#L^t^*.t*^o 5!jt*1S<7)Wi L^ISi L- T li 5 0~ 5 0 0 M m X' 

*4 0 Mummi~%ft&faiB<-tz>ztx-ifrmiiv&< %z>° 

[0 0 4 9 ] 

a^©#-^fr#^-t5:#* ; Kt**P^E«(Cj:i9l6i9^^^4o US B5 
£iS®JiiB]±iL-C'£-£ft:£-£4o *#Wi:ii7"l'^S:L4!i , f> 1 5 0 tWiWlilBx 
4 0 lfrfei£ t )'£*>-£I*lli*D&JE}£(-i o T ^ ^ a - t ^t^ttS, tD^ESOiaE 
14 1 5 0*C-3 5 Oti«fft Lv>„ 1 5 0 t: £L ± t 1" ixli* , ***0^««)J£1R**ilgaS 50 
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SCii'tJSo 3 5 0 ti^^'i« fiftll^ftf ittUifXO', « » *' ft T 
LTL^To lfil)^fo-frllfi:iiptS/T i-P t — A u S n — P t — T i 
fW|i:iiplS/RhO-P t - Au S n — P t — T i /SfifllE, p^S/T i — P 
t-AuS n-Au/^}#*«, p^S/T i-P t-P d S n-P t — T i / £ }# £ « 
p|f/T i - Pt — AuSn — Pt — R h O / t % Z o Z ill: 4 *) *J 7>* ft I- 

< v> # & 75* Jfc & $ ft 4 o m « 6 * * H t -T 4 w t T ft iS X O Bfi ») £ *> -£ A* ft t 4 <9 , i 

[ 0 0 5 0 ] 

^ws, * « 1 * i& * -t- * o &m<n®&* & t lx itmtiimfr b * * -> is - v zmtt 

i- 4 rt> , X li W 8 , ST fi'J . **#'J »ya*i:i9t1rio ±EISi:i it dp T- 
[ 0 0 5 1 ] 

taUttOtUT i - A 1 - N i - Au, W-Al-W-Pt-Au, Al-Pt- 
A u % t'tf*> 2> o nlllilf* 0 . 1-1. 5^miti, Z ZX , n f SJrlt 
ia^i-<75 nMlitt^¥*f$BOJ5aiWUl4[H]£i£ff*)&LT 4 v> 0 mf f£ M £i ff£ <£> Br ® B 4* 

(4 ^ * a , a * -9- m #*> •? , ¥ b » i* a m # > 4 £ i* * ^ # ^ h a ?b # , a « « , 

R*U £ft ®#* f * * o CDffiOS S (4 0 . 2 - 3 ^ m X * o T , 4 <0 » 
4 L < 14 1 . 0 // m ~ 1 . 5//m-C&&o ,1 <?) 5 SH4 C3 SB £ /J s 0 . 2^miDiSt?4 

tjfe«i»>tULia]±o«p*i4 3 &<% -t f£ IS B 4 •) Si < istftJifiiroljiJi'ii'otLio 

0 hi:, Bm<nm^^%^^^nm^ t txtk^M^ tzm^i-it&i&tJi^^^WLx m 

JjifatZ'tt&ZttfX&Zo 
[ 0 0 5 2 ] 

•f- <T> ?£ , 7 -T -Y - *' > x' -f >yfltJ**|!fev»Tfcffcfc**#*?-a>_tWfc*2«>«fIIRl 

1 OfSv, ->>yi:J: Of v^fttS-tfSltft^fffff kt4 ( a 9 A ) « 
^c7)gi9A»-^i-Sjtfel*2»fr*^<7)ffif®ll^E19ClC^i-o 4 , «H£*20«»IIK 
Qflift*ffi!cLTUv> ( 0 9 B ) . Z iv \Z £ *) ftW. <0 Hi L %) m & ft ±-f %> o M % 2 <?> 
filRIl 1 OliS i Oj , S i N, Si x O y N 1 _ I _ y ,Nb 2 0 5 ,Al 2 0 3 > 
Z r O , , T i O 2 tt t* <D & It SI "C h 2> o 

[ 0 0 5 3 ] 

[ H Mi S flt 4 ] *r E It * Jfc S K is v> r , fy^ , 'fkt*:ftffc»**#* ; ?-«>*W*=**# 
[ 0 0 5 4 ] 

f St *f <0-MlraTi:^t. ifeSiff tftt LTIi, SrAl 2 0 4 : E u , 
Y 2 Si0 5 :Ce, Tb^MgAl, i0 19 :Ce, T b , Sr 7 Al 12 0 2 5 : 
E u , ( M g , C a , S r , B a « < H 1 til) Ga 2 S 4 : E u & * i> . £ 

it:, tfe*»*S*#itTttSr 5 (P0 4 )sCi:Eu, (SrCaBa) s (P 
O 4 ) 3 C 1 I E u , (BaCa) 5 (P0 4 ) 3 Cl:Eu, ( M g , C a , S r , B 
a«n*4<it lfll) 2 B 5 0 9 CI :Eu, M n , ( M g , C a , S r , BaO 
T *> ^ £ < t 1 J-J, Jt ) (P0 4 ) 6 C 1 2 : Eu, Mni s *4o Hi:, # 3% 3§ ft £ 
jtfltt LTIiY , 0 2 S : E u , La 2 0 2 S : E u , Y 2 0 3 : E u , Gd 2 0 2 S: 
E u 7>* & h o IfCYAG*^*?**:^, fi * * §& ft 1" 4 £ t T* § , M W ffl * W 
4^1it»ei:i2;4 t 4. YAGIi, (Yi-.Gd.) , (Al,- T Ga y ) s 0 12 
: R ( R (4 , C e , Tb, P r , S m , Eu, Dy, H o h M (4* ft * ^ ^ < t i> 1 ± 
T*4 0 0<R<0. 5 t ab 4 . ) , 00 x. (4 , (Y 0 . 8 Gd 0 . 2 ) 3 A1 5 0 12 : 
Ce, Y 3 ( A 1 0 . 8 Ga 0 . 2) 5 0 12 : C e X $, Z> 0 
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* ft JB + * * f » * * 91 U is v» T 14 , ±aL/:YAG^fjfeftt*fe^^**#jt"Tffiif 
jfc ffc i ^r«x.^l§*^fii:i-'5> - t tltt-i^o 3 O 4 o & # (0 ft & f§ ft nl «fc & ® 
ft ft (4 , & ft ri ? 4 0 0- 6 0 0 nm«fi:J:oTiig$nt^|;t4f*ftT-*(), 00 X 
(4*, Y,0 2 S:Eu, L a •> O , S : E u , C a S : E u , SrS:Eu, ZnSlM 
n, ZnCdS:Ag, A 1 , ZnCdSlCu, A 1 f i { f If t> il 4 . C O J: -7 iC Y A 
G » % * * £ t tl=#fe*«)*«r»*^ri6«t»*ft:*«ffl + * - 

[ 0 0 5 5 ] 

[ It * « 1 ] 

feJL T , H 1 C^tHt^'f * - Kt^Hi:*t« 1 i:ov>tiSiHt4o 

^t<OHt1*f Sfttf ( U - *F V 4 * - K , teii, ft -t > -9- , h 7 > v X * , /< 7 
-fun') i:iffltJ;ii s T-^, 
[ 0 0 5 6 ] 

If, f 7 7 7 ( C ffi ) *t.44»f 1 *MOCVDORE'SSrti:t? 1- L, SSI 

i*9***-c + «-tc««L^», 7k**»LSr a* i o 5 otit-i^j^i 

^o^U-->^?r ; ffOo & 45 , fl ife 00 X' 14 -9" 7 r T ( C W ) £ ffl v» T v> £ ri* , g 1£ 
t LTIi, G a N s A1N, A 1 G a N 4 i^Htt**ftSS, *5vMiHbft*tft 

t i i 4 ^ ffl ^ ^ ^ u ? r- 1 ^ o iiisntii, 00 x. if c m , r m ^ ab 

(Di'f jli'i ±It tSt 7 t 7, * k? * ;W ( M g A 1 2 0 4 ) 4" t* <?> *6 if* S ^ , h 2> 
VM4SJC ( 6 H ^ 4 H ^ 3 C & tr ) . S i ^ ZnO, G a A s > Z n S it'W^lft 

* m , z r b 2 * t* o & m m a * « <<> & c t * s -e § , »u<iit77^7, * e * * * 

m v> £ o * rt: , *tiSli* 77>yJHrv>TU<, Xt- y -7#.\z* 7 T > tr 

o 

[ 0 0 5 7 ] 

ft v> T , i§. ft * 5 1 0 "C t X' T tf , * -V 'J T 2f * {Z tK * , Ift^XICTMG ( h 'J > *■ 
;u 'J 7 A ) i7>ti7t *fflv>, StlO±i:GaNi>*>4;4/<?7 7| ( U -f 
) ^ftl 0 Ot>^x FD-A<rjiffiS?*So & is , I w< 7 7 7 i li , * o 
S , SSSttU^tlit^T'M. * x - <r> '< v ? r 1 14 , A 1 0«^O^Ji>A I 

[ 0 0 5 8 ] 

>k \Z , /<7 778*S«I, TMGOA^lt^T, iSSi 1 0 5 0 tJT*±#?^4o 

i o 5 otcsiofcf), ^i:<Hft**xi:TMG> y>*-y#*£ffiv>, t > k - •/ g 

a N S 2 * 1 mOlllT-tl?*^. 
[ 0 0 5 9 ] 

ft v> T , 1 0 5 0 r inBfly^CTMG, T > - T # X , ^ltft*'Xt:y 7 

> X £ ffl v> , S i £ 4 . 5 X 1 0 1 8 / c m 3 K- 7 U G a N* *> 4 i n > > # 

M3^5/<mWlfT-Sf ?^4„ 43 , * * ife 00 T' 14 S i S:ffli>TKi#, nl^lt 

A £ t T 14 , # K PI 5g $ it & v» j»* % S i , G e , S n , S , O , T i , Z r 4t'<0IVj|f 

m , * * vm4 vim ft * * f * # a U ffl v» 4 - t X £ , » * L < 14 S i , G e , S n % $ 
&K#iL<liSi*«v»*. 
[ 0 0 6 0 ] 

->7>**X<7)<^^lhie>, 1 0 5 Ott, TMG, T > * - T if x* m^* . 7 ~s Y 
-yGaNi'f.iSTit 3 0 0 0 t > h n - ioif 715?*, ft v> T > 1^ iB. ft 
•P, J/?>*XtaiHtt, Si * 4 . 5X1 0 1 8 /cm 3 K-yLfcGaN*»f>*4 
4 I Wi*3 0 0t>i*XFn-A^IftSfi?-a- < IClv^t, ->7>**^.O^.^ih<6 
, |S|i£ftT* s 7>- K-7G aN*»*)4:4±li: 5 0*>'J P ^ FD-AOiSTlSftS*, 
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3 m h * h n in m i # m mm 4 £3 3 5 0 * > v * v v - <Dmwx- *> a 

[ 0 0 6 1 ] 

K I? T J* ft S , * t- , IS* 8 0 0 ti:Lt, TMG, TMI (M)>f Jl/Ov^ 
) , 7>*-7£fflv>, T > K - y I n „ . i Ga 0 . 9 Kfrbtt2>mit®)*m#mi2 
0t>y^a-i^IfT'SR?*4o Z i\ h <r> & ft £ m <0 M L ft 511:1 Off 

0 ff « L , $ *b I- 7 > K - 7 G aN*t)44aitftti#l44 0 * > * h n - A O M 
l?t?jaft$*fcfit&^Wi60n«»2£>lll!l*5£6 4 0 * > ^ * F n-i<Olff^ft 

[ 0 0 6 2 1 

6 K , TMG, 7>t;7ifflv>, 7> K-^G «Ni»tft**Mt 2 5 0 *>y^ 
ho-A<OH?T-tft?^-5.oSv>t> |Sl)SSt\ TMIJriliLt, In 0 . 3 G a 0 

7 Ni'ibi^tpir 3 0 1- d - AWlllT'Slft?^^., .1 ft <b <0 f t £ #. •) 
il L It t» , JIi:61fo»IU $ <b I- 7 > K - 7 G a N <b & 4 It K * 2 5 0 * > f 
* hn-A<^^)?T-«ft$^^^»4?-#^«it^tS1±« 6 * 1 9 3 0 * > x h n - A 

[ 0 0 6 3 1 

* (C , 1 0 5 Ott, TMG, T M A , T > * - 7 , Cp 2 Mg ( y ? D i- > y'x 
.=. fl, v ^ * v -5- A ) £ ffl v> , Mg* 5 XI 0 1 9 / c m 3 F-7"UA I 0 . i 5 Ga 0 

5 8 0 0 t i: L T , TMG, TMI, 7 > * - 7 , C p 2 M g £ ffl ^ , M g £ 5 X 1 0 

1 9 / c m 3 K - 7 L ^ I n o . o 3 G a 0 . 9 7 N * * * flft»¥*#* ^5t> 

hn-/,Olf t?RftS*4o ft <b <0 & ft & <9 il L ^ , Jli:5ifoS8L 
, HUMgf 5X1 0 1 5 / cm 3 K - 7" L A 1 0 . i s G a 0 . 8 5 Ni^^SI 
•ffctt J l £ *'***4 0 =f > X h d - A co BUI? T * * S fciBte^-Wit^pfll^Wlll^S: 
3 6 5 Aoiii»-ejfift$**o 

[ 0 0 6 4 1 

flt v> T , 1 0 5 Otf, TMG, 7>^E-T, Cp 2 Mgiffl^, MgHxl 0 2 0 
/cm 3 F-7'LfcGaN!) 1 f»«:Sp«3^H H8H 2 0 0*>?*Xhn-A<OBI 
f fi«$^4o E J& # T * , I*tfiIi?T»f, ?f>i:ttf itt, * * ^ Sr K £ 
SSfl»:iSV>T, 6 0 0 < CT'7--';>^^fi : v>, P a««rSiJ>i=fij£tfi:'fbi-4o 
[ 0 0 6 5 1 

r ■^^^^EiE'-^ff^'bJRoaiL, p i n > ? ^ n ffl i 7 f > ^ 

ii;A 1 & 1 0 0 0 * > X F n-iOlf til LTW/A 1 f> & h nltiftt 

6 o 

[ 0 0 6 6 1 

:jci:, x^fVjrjftfCSofcpfia^MHO^lCDy'^A ( R h ) i 4 0 0 
t>^^ h D-AOlf T»i L, <7> _h t- >; -!7 ^ (Ir) J 5 0 0 T>^X FD- 
AWlf tflLTRh/I r ^ 4 p f t 4 . 5S®Sfl, * * # H *U= *i 

i» T 6 0 0 *C T* 7 - - >; > ^ 4- o o 
[ 0 0 6 7 1 

fill;, -Jx/Ni^flLT 1 iSOftS^S 5 0 M m <D 3§ % V 4 * - K * » o » £ 
ix ^ ^ ^. (J , if ( Hi ^ |6j « SE ) 2 0 m A i: v> t , Vf ( JW ^ |S] H ffi ) 3. 5 V * •) 
, pSI1tft*f ffitlltcolff^^- ? »fcftfc<, 
[ 0 0 6 8 1 

|tf)piI1tt^f ftit R h / I r t<Ditmt&1&tn.*'T L M £ £ ffl v> T iM je L 
, pllftftlf «ft±l-R h. Rh/Pt, Rh/Ru, Rh/Au, p 115- 

iftL^ft^cJtKL^t Z ?>m 1 O <t o Ciofc. pIiftt*«ftltifiit4SI 
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iUffiK^ITLto^A 5 , R h 14 A u fcg-^ffcLSifcHWjfcUttLTiftilxa*** < & * 
(Of, 2ltft*i#SOLEDi:fflv>4«)li»i L < U v> 0 

[ 0 0 6 9 ] 

[ * « 2 ] 

T % ft ?W * - K * ^ £ f# o f# <b ft * ^ 14 , I f 2 0mAi:j3V>t, V f 3. 5VT- 

h *) , pinttf f ftft^gi<Di!it^t- J 7 % * m * 14 , m 

[ 0 0 7 0 ] 

[JtRf?!l 1 ] 

m m m 1 \z a v» r , P fg 1 out, Ni tAut^2oot^xhD-Aoif 

a*ttt*LTv>4. Sfeft til * 14 , *«CiJ»t**wqRJRUJ:i9llJfc*!lli:JtlR-f4i:ft 
2 0 %M^LTv^:„ 
[ it tfc f$l 2 ] 

*tW 1 i:^v> t , p^ll OUT, N i tP t U 2 0 0 *>?^ Fn-iORI 
T- ft « -T & fife 14 , HtHcLTSjfcy-ft-KJf^tllt. fttftfc*?!!, pltl 0# 

afttt^LT^i. f& ft Hi * (4 , **U*lt4jtO«JRUJ:»)*tt«llfcJt«i-*i:*lJ 
2 0 % it^U v 0 

[ it m W 3 ] 

1" & ftfe 14 , H * U t T « * ^ -f * - K m ¥ i W o ft <b *L * i=- (4 , pftSlO^itfttt 
HLtv>4o Sfe ft Hi *M4 , MU£lt4ft<0«JDU=J:9*ifcfHlfcJt«1-*i:H*-C* 

0 rt s , V f a* ft 0 . 1 V ± # L tz o 
[M*Jt^flJffl^Itfef±] 

[ 0 0 7 1 ] 

Iftft^f ^ ( I n x A 1 Y G a j . x - y N, 0^X, 0^Y, X + Y^ 

[0®?>fBf#&f£f!§] 
[ 0 0 7 2 ] 

[HI] T L M £ £ ffi v> T il Se L £ it & ftl! }£ J/t (R h i 1 i U i lOtt) * 4 „ 
[02 ] *&H<A — *^®ffiK«4Sft«#*f**^0«j8*^i-*SSriBH-C**o 

[03] ^niw-nifeSSciJifb^f^ff^ tii^^at^sa^ 

<fc & o 

[05] ^|fe^O-^]te^^l-f^'2)afk»#*f**i L < 7 5 ; »it^^1"«^fflf®0^*^o 

[0 6 ] *%w<D~nmMmi~&zMitw*mfem?<vmfemik£*tM&®r'*>2> 0 
[0 7 ] *ftwo-*»$a»:«4 4ffc***#*f wjiaif t«ma^*4. 

[0 8 ] — IIJfi^ffiUfSiftftft^Sfflf^OflliSSr^i-fltAIBfBBI-CAio 

[09] *ife^<7)-^ifeB^^f^-5>afk ! fe*^f*^i : -o«jtSr^i-fi^:0'C-*>^o 
[ «f -f - o i& 9§ ] 

[ 0 0 7 3 ] 

1 — * « * 2 - >< v 7 t m , 3-AlGiNI, 4 — n M => > 9 9 Y M > 5-llOnS 
S ft # ■ * 6-*2 0nSfift» i l i *fri, 7-SttH, 9- 
pfa>^ h B > 1 0 ••• p Q. & , 1 1 ■■■ p ^ 7 K1S, 1 2-nIt 
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